ABSTRACT -Context -Carcinoembryonic antigen (CEA) can be detected in colorectal tumor tissue but its role in the survival of patients remains controversial. Objective -To characterize the expression of tissue CEA using immunohistochemical staining in colorectal tumors and to analyze the relationship between this finding and preoperative plasmatic level of CEA, morphologic features and survival of patients operated with curative intent for colorectal carcinoma. Method -Forty-seven patients were included in the study: 18 (38.3%) males and 29 (61.7%) females, with a mean age of 67.8 ± 9.7 years (37 to 84 years). Immediately before laparotomy, pre-operative serum levels of CEA were obtained where normal levels were considered ≤2.5 ng/mL for non-smokers, and ≤5.0 ng/mL for smokers. CEA immunohistochemical studies were carried out using anti-human CEA monoclonal mouse antibody. The expression of immunostaining for each neoplasia was classified according to the pattern of CEA tissular distribution into apical or cytoplasmic. The variables considered for the statistical analysis were plasmatic preoperative CEA level, location of the lesion within the large intestine, lesion diameter, lymph node involvement, Duke's classification, vein invasion, grade of cellular differentiation, survival and pattern of CEA tissular distribution. The statistical models utilized were Spearman's correlation and the Mann-Whitney, Kruskal-Wallis and Student t tests. Patients' survival was analyzed using the KaplanMeier method. Results -The mean preoperative CEA value was 15.4 ± 5.5 ng/mL (0.2 to 92.1 ng/mL). The neoplasm was located in the colon in 29 (61.7%) and in the rectum in 18 (38.3%) patients. Eight (17.0%) patients were classified as Duke's stage A, 22 (46.8%) as stage B and 17 (36.2%) as stage C. On immunohistochemical studies, the pattern of CEA tissular distribution was apical in 33 (70.2%) patients and cytoplasmic in 14 (29.8%) patients. Patients with apical patterns presented a mean sera CEA level of 15.5 ± 6.5 ng/mL while those with cytoplasmic pattern attained a mean sera CEA level of 15.1 ± 7.3 ng/mL, with no significant difference between these values (P = 0.35). Apical distribution of CEA occurred in 6 (12.8%) Duke A, 18 (38.2%) Duke B and 9 (12.2%) Duke C patients, while cytoplasmic CEA tissular distribution was observed in 2 (4.2%) Duke A, 3 (6.4%) Duke B and 9 (19.1%) Duke C patients. Patients with Duke B neoplasms presented significantly more apical CEA tissular distribution patterns (P = 0.049) than subjects with cytoplasmic CEA tissular patterns. The apical CEA tissular distribution pattern in neoplasms was significantly more frequent in neoplasms with no lymph node compromise compared to the cytoplasmic pattern (P = 0.50). However, no significant differences were seen between apical and cytoplasmic CEA tissular distribution patterns in terms of colon or rectal site (P = 0.21), lesion diameter across greatest axis (P = 0.19), vein invasion (P = 0.13) or degree of cellular differentiation (P = 0.19). Of the 47 patients operated, 33 (70.2%) survived for more than 5 years where mean survival was 31.1 ± 5.6 months. Survival between patients with apical and cytoplasmic CEA tissular distribution showed no significant difference (P = 0.38). Conclusions -Although the apical distribution pattern of CEA was significantly more frequent in more advanced stages of Duke's classification, the CEA tissular distribution presented no relationship with serum CEA levels, morphological features of the neoplasm or survival of patients undergoing curative colorectal carcinoma resection. HEADINGS -Colorectal neoplasms. Carcinoma. Carcinoembryonic antigen. Immunohistochemistry. † Supported by PIBIC/CNPq, Brazil
INTRODUCTION
Colorectal cancer (CRC), with its high incidence and significant morbidity and mortality, remains one of the leading causes of cancer-related death worldwide (14) . Several small-scale retrospective studies have demonstrated that CRC patients with high preoperative levels of CEA have a worse prognosis than those with low levels (8, 30) . Preoperative CEA thus has the potential to supply prognostic data independent of the traditional staging systems in patients with CRC (6, 7, 8, 19, 21, 25, 28) . CEA can also be detected and quantitatively measured in colorectal tumor tissue and normal mucosa (1, 2, 3, 4, 5, 9, 17, 12, 13, 18, 26) , but its role in the management of colorectal cancer remains controversial (4, 11, 20) . Some authors have reported that elevated CEA concentrations within the tumor are correlated with advanced stage (3, 4, 7, 18, 22, 25, 26) , whereas other studies have not reached this conclusion (5, 16, 20) . In addition, COSIMELLI et al. (5) reported that elevated CEA concentrations within colorectal cancer was a predictor for local and distant tumor recurrence after surgery, independent of other recognized prognostic variables (stage and histological grade). On the contrary, others (9, 20) have found no association between tumor CEA concentrations and tumor relapse after surgery. Besides, it is necessary to know whether effectively, a relationship exists between the values of CEA measured in sera and colonic mucosa, as well as with the distinct morphological characteristics, to establish the true value of monitoring CEA in follow-up.
The purpose of this study was to characterize the expression of tissue CEA using immunohistochemical staining in colorectal tumors and to investigate whether it contributes additional information with respect to serum CEA levels, morphologic features, and survival of patients operated for colorectal carcinoma with curative intent.
METHOD
This study analyzed 47 colorectal carcinoma patients who underwent curative surgical treatment between July 1999 and June 2002. The study was approved by the Ethics Committee of both institutions and all patients signed an informed consent form.
The term curative denoted absence of macroscopic neoplasm residual disease following the operation, according to preoperative stage and intra-operative assessment by the surgeon, and the presence of free surgical margins around the resection specimen.
Of the 47-patient sample, 18 (38.3%) were male and 29 (61.7%) female. Forty-one (87.2%) were white and six (12.8%) were black. Mean age was 67.8 ± 9.7 years (37 to 84 years).
The following were adopted as inclusion criteria: presence of carcinoma of the large intestine confirmed by histopathological study of the extirpated lesion, absence of distant metastases at preoperative examinations and in the abdominal cavity inventory made during the operation, and extirpation of the neoplasm lesion with curative intent. The exclusion criteria were the presence of distant metastases and incomplete extirpation of the neoplasm lesion.
All the patients had histological diagnoses of colorectal carcinoma confirmed via review of thin sections stained using the hematoxylin and eosin (H-E) method and analysis by a pathologist. The preoperative evaluation consisted of the clinical and proctologic examinations, colonoscopy, determination of the serum level of CEA, abdominal sonography, abdominal computed tomography, and chest radiography. All the colorectal lesions were extirpated with curative intent.
Immediately before laparotomy, peripheral venous blood was extracted by antecubital venous puncture. The peripheral serum samples were stored in a freezer at -70°C until the CEA analyses were performed. For assaying of the CEA, a solidphase fluoroimmunometric assay was utilized (Delfia CEA Kit, Pharmacia, Turkü, Finland). Normal pre-operative levels for CEA in serum of patients with colorectal carcinoma were considered ≤2.5 ng/mL for non smokers and ≤5.0 ng/mL for smokers. Surgical specimens were fixed in 10% formalin solution and embedded in paraffin where three 4 µm sections were taken from the sample for histopathological diagnosis. The conventional sections were stained with H-E.
Immunohistochemical staining was performed according to the standard avidin-biotin immunoperoxidase complex technique (LSAB ® , DakoCytomation, Glostrup, Denmark). Mouse monoclonal anti-human carcinoembryonic antigen antibody (clone II-7, DakoCytomation, Glostrup, Denmark) was used as the primary antibody.
The brownish-color was considered to be evidence of a positive expression of CEA in the tumor cells. Immunostaining expression (Figure 1 ) was classified according to the pattern of cytoplasmatic distribution: (1) cytoplasmic type, in which immunostaining was homogeneously in the cytoplasm of neoplasic cells; (2) apical type in which, independent of cell staining, there was predominant immunostaining on the cytoplasmatic edge closest to the lumen of the neoplasic tissue cells (11, 27) . There was no membrane immunostaining. The variables considered for the purposes of statistical analysis were age, sex, location of the lesion within the large intestine, peripheral preoperative CEA level, lesion diameter, Duke's classification, lymph node involvement, presence or absence of vein invasion by the neoplasm, grade of cellular differentiation, survival and pattern of tissular distribution of CEA in colorectal carcinoma.
Parametric and non-parametric statistical tests were used according to the nature of the samples. The quantitative variables were represented by absolute frequency (N) and relative frequency (percentage). The statistical models utilized were arithmetic mean, median, standard deviation, Spearman's correlation, the MannWhitney test, Kruskal-Wallis test and Student t test. Patients' survival was analyzed using the Kaplan-Meier method. For every test, the level for rejection of the null hypothesis was set at 0.05 (95% significance level), in accordance with the current standards for biological studies.
RESULTS
The mean preoperative CEA value was 15.4 ± 5.5 ng/mL (0.2 to 92.1 ng/mL). The mean sera CEA level was 3.4 ng/ mL in Duke A patients, 16.1 ng/mL in Duke B, and attained 18.9 ng/ mL in Duke C subjects. Sera CEA values greater than 10 ng/mL occurred in 12 (33.4%) patients.
The neoplasm was located in the colon in 29 (61.7%) and in the rectum in 18 patients (38.3%). Eight Nineteen (40.4%) patients presented no lymph node compromise, while 28 (59.6%) had carcinoma-invaded lymph nodes. The neoplasm had invaded up to adjacent adipose tissue in 37 (78.7%) patients, and the lesion had spared the serosa of the large intestine in 10 (21.3%) patients. Angiolymphatic invasion was observed in 29 (61.7%) patients. In 35 (74.5%) patients, the histological grade of the carcinoma was moderately differentiated, while in 11 (23.4%) was well differentiated, and was slightly differentiated in one (2.1%) subject.
On immunohistochemical study, the pattern of tissular distribution of CEA was apical in 33 (70.2%) patients and cytoplasmic in 14 (29.8%) patients. Patients with an apical pattern of tissular CEA distribution presented a mean sera level of 15.5 ± 6.5 ng/mL while those with cytoplasmic patterns of tissular CEA attained a mean sera CEA level of 15.1 ± 7.3 ng/ mL. These results presented no significant difference (P = 0.35). Apical tissular distribution of CEA was observed in 6 (12.8%) Duke A, 18 (38.2%) Duke B, and 9 (12.2%) Duke C patients, while cytoplasmic CEA tissular distribution was observed in 2 (4.2%) Duke A, 3 (6.4%) Duke B and 9 (19.1%) Duke C patients. Patients with Duke B neoplasms presented significantly more apical CEA tissular distribution patterns (P = 0.049) than subjects with cytoplasmic CEA tissular patterns.
The apical pattern of CEA distribution in neoplasms was significantly more frequent (P = 0.50) in neoplasms with no lymph node compromise compared to the cytoplasmic pattern. Moreover, no significant differences were seen between apical and cytoplasmic CEA tissular distribution patterns in terms of colon or rectal site (P = 0.21), lesion diameter across greatest axis (P = 0.17), vein invasion (P = 0.13) or grade of cellular differentiation (P = 0.19).
A total of 14 (29.8%) patients presented carcinoma recurrence during follow up. The liver was affected in 10 (21.3%) patients while the remaining 4 (8.5%) subjects manifested peritoneal carcinomatosis. Of the 47 patients who underwent surgery, 33 (70.2%) survived for more than 5 years (Figure 2 ). Mean survival was 31.1 ± 5.6 months. Survival of patients with apical or cytoplasmic tissular CEA distribution did not differ significantly (P = 0.38). 
DISCUSSION
Patients with high levels of CEA in preoperative serum and producers in tissue are those alerted in the pursuing that its values in the serum will provide us a bigger yield in the detection of metastases (18, 22) . Nevertheless, in patients not producing CEA in tissue or serum, the determination in the pursuing would not be so useful (18) . It is a combination of the values of CEA detected in blood and tissue that could improve prognostic sensitivity and allow a better interpretation of the obtained values (18) . In the cytoplasmic distribution, tissular CEA can spread more easily to stroma and enter circulation, justifying that this tumoral type, even with equal amounts of tissular CEA correlate with high levels of serum CEA (3, 9, 11, 15, 29) . On the other hand, levels of serum CEA do not correspond with the level of tissular CEA in some individuals (11, 18, 20) . Indeed, the present study indicated the absence of a relationship between pre-operative CEA sera levels and tissular distribution of CEA.
In vitro studies have disclosed that promotion of blocking of colonic mucosa cell polarization in a calcium-poor culture medium leads to intracellular build up of CEA (23, 24) . This phenomenon appears to occur due to the incapacity of cells with blocked polarization to excrete the antigen to the intestinal lumen. Progressive CEA accumulation within cellular cytoplasm of cells undergoing differentiation has been observed, which suggests that loss of polarization may by linked to lower levels of differentiation (23, 24) . This finding suggests that although there is a greater quantity of CEA produced or accumulated within cell cytoplasm, the antigen is more dispersed in the cytoplasmatic pattern than the apical pattern.
The classification of the tumor must be considered because there are factors in the invasion of the wall that facilitate CEA penetration into the bloodstream (3, 4, 11) . The existence of tumoral necrosis, perineural and perivascular infiltration, as well as infiltration degree, positively influence levels of serum CEA (11, 18, 20) . Correlation between tissular CEA and serum CEA does not appear strong in the different studies reviewed (3, 11, 16, 18) . Highly differentiated tumors with high levels of apical distributed tissular CEA may present low levels of sera CEA because secretions may enter intestinal lumen and under these conditions CEA has difficulty in reaching the blood stream (3, 11, 16, 18) . However, with tumors having cytoplasmic distribution of CEA, tissular antigen may spread more easily to the stroma and enter systemic circulation, leading to higher sera CEA levels (17) . GEBAUER et al. (9) reported that CEA concentrations in colorectal tumor tissue were closely related to the degree of accumulation of CEA positive cells in the neoplastic glands as determined by immunohistochemistry. NG et al. (22) found no relationship between tissular expression of CEA in colorectal carcinoma and pre-operative CEA sera levels. These authors concluded that although the pattern of tissular CEA distribution may prove useful in explaining pathophysiological events related to the carcinogenesis, it offers little additional information over blood CEA levels in treating patients with colorectal carcinoma. Similarly, the current study, along with those previously reported (5, 18, 22) , has revealed no correlation between pre-operative serum CEA and immunohistochemical CEA expression in tumor tissue.
MORENO-CARRETERO et al. (18) reported that CEA concentrations within the colorectal tumor tissue did not predict for patient prognosis after surgery, although these levels did correlate significantly with Dukes stage (10, 20) . GEBAUSER et al. (9) demonstrated that tumor CEA concentrations did not differ between patients with or without tumor recurrence after colorectal cancer surgery. The present study revealed that patients with Dukes B colorectal carcinoma presented a significant predominance of apical tissular CEA distribution and, accordingly, the pattern of apical CEA distribution in neoplasia was significantly more frequent in neoplasias without lymph node compromise compared to the cytoplasmic pattern, indicating a link between cytoplasmic distribution and more advanced colorectal carcinoma lesions.
The present study observed no relationship between the pattern of tissular CEA distribution and morphological parameters of the neoplasm, except with respect to carcinomas with lymph node compromise which presented significantly greater apical tissular CEA distribution than cytoplasmic when comparing lesions without lymph node compromise. Nevertheless, COSIMELLI et al. (5) reported that a high tumor CEA concentration served as a reliable prognostic index for recurrence, independently of other recognized prognostic factors (DUKES stage and histological grade) on multivariate analysis.
There may be a weak relationship between type of expression and levels of serum CEA, making immunocytochemical assay a practical element to explain these CEA serum levels from a biological standpoint, allowing improved prognostic of serum CEA values (3) . Combined CEA values obtained in both blood and tissue may improve prognostic sensitivity and allow better interpretation of values obtained (18) . Also, more in-depth knowledge on tissular expression of CEA in neoplasic cells, as well as the dynamic with which the antigen affects the blood stream, constitute important variables for better understanding of colorectal carcinoma evolution. However, in the present study, sera CEA values observed did not differ for apical and cytoplasmic tissular distribution in the neoplasm.
Few studies have reported a relationship between expression or content of CEA in colorectal carcinoma tissue and patient survival. COSIMELLI et al. (5) observed a 2-year survival rate of 81% in patients presenting low values of CEA content in tumors and non-neoplasic intestinal mucosa, whilst patients with high content values presented a survival rate of 21.4%. Patients having high tissular CEA content in tumors or nonneoplasic mucosa presented a 2-year survival rate of 65.9% (5) . LORENZI et al. (25) affirmed that apical expression for tissular CEA presented a significant relationship with degree of differentiation of the neoplasm while diffuse cellular or cytoplasmic expression of this antigen frequently indicates neoplasms extending beyond the intestinal wall and invading lymphatic veins. Studies by NAKAGOE et al. (20) analyzing the prognostic value of CEA levels in tumoral tissue, normal colonic mucosa and pre-operative CEA sera in patients with resected colorectal carcinoma, concluded that high CEA levels in neoplasic tissue was the sole independent predictor of adverse evolution following colorectal carcinoma resection.
Further studies are needed to evaluate the relationship between the immunohistochemical expression of CEA and prognosis in colorectal carcinoma and to evaluate whether this immunohistochemical staining might be useful as a predictive marker of chemotherapy benefit.
CONCLUSIONS
Although the apical distribution pattern was significantly more frequent in less advanced stages of Dukes classification, tissular distribution of CEA presented no relationship with plasmatic levels of CEA, morphological features of the neoplasm or survival of patients undergoing curative colorectal carcinoma resection. We conclude that although tissue CEA staining patterns appear useful in explaining pathophysiological features, they offer little additional information over plasma CEA toward the prognosis of patients with colorectal carcinoma operated with curative intent. Os doentes com neoplasia Dukes B apresentaram padrão de distribuição tecidual de CEA apical significantemente maior (P = 0,049) do que os enfermos com padrão tecidual citoplasmático de CEA. O padrão de distribuição apical do CEA na neoplasia foi significantemente mais freqüente nas neoplasias sem acometimento linfonodal quando comparado com o padrão citoplasmático (P = 0,50). A localização cólica ou retal (P = 0,21), tamanho da lesão no maior eixo (P = 0,19), invasão venosa (P = 0,13) e grau de diferenciação celular (P = 0,19) não mostraram diferenças significantes em relação ao padrão de distribuição tecidual apical ou citoplasmático do CEA. Dos 47 doentes operados, 33 (70,2%) sobreviveram mais de 5 anos e a sobrevivência média foi de 31,1 ± 5,6 meses. A sobrevivência dos doentes com distribuição tecidual de CEA apical e citoplasmática não mostrou diferença significante (P = 0,38). Conclusões -Embora o padrão de distribuição apical do CEA tenha sido significantemente mais freqüente nos estádios menos avançados da classificação de Dukes, a distribuição tissular do CEA não apresentou relação com seus níveis plasmáticos, aspectos morfológicos da neoplasia e com a sobrevivência dos doentes com carcinoma colorretal operado com intenção curativa. DESCRITORES -Neoplasias colorretais. Carcinoma. Antígeno carcinoembrionário. Imunoistoquímica.
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